Abstract
The moving-frame equations [34, 35] give the variations of the attached frame
112
following the point M The above equation is defined as the adjoint equation [4] .
128
In particular, if the point P is a fixed point w.r.t. the fixed frame (O-ijk), the derivative 
The Moving Frames on the Contact Loci

140
Assume that a fixed surface S and a moving surface S' maintain sliding-rolling contact at 141 any moment. Attach the frames (O-ijk) and (O'-i'j'k') to the surface S and S' respectively. Let
142
Γ and Γ' represent the contact loci on the surface S and the surface S' respectively, as in Fig. 3 . Note that the contact locus Γ' on the moving surface S' is solely produced by rolling 148 motion and the contact locus Γ on S is generated by both sliding and rolling motion.
149
Let M and M' represent the contact point on the surface S and S' respectively. These two 150 points coincide when the two surfaces maintain point contact. We will use M to denote the 151 contact point from now on. coincide when the two surfaces maintain rolling-sliding contact, as in Fig. 3 . The point P generates a curve Γ P when the moving surface S' maintain rolling-sliding 172 contact with the fixed surface S, as in Fig. 3 
and s is the arc length of the contact locus Γ. The physical meaning of s is the distance of the The frame (M-1 2 3    e e e ) can be obtained by rotating the frame (M-e 1 e 2 e 3 ) by an angle of 
where λ represents the ratio of rolling rate ds' to sliding-rolling rate ds. Substituting the fix 
This gives the geometric velocity of an arbitrary point P w.r. 
221
The translational and the angular velocities of the moving surface give another form 222 of the velocity Attach the moving frames frame (M-e 1 e 2 e 3 ) and (M-1 2 3    e e e ) to the contact loci Γ and Γ' 263 respectively, where e 1 is the tangent vector of Γ, e 3 is the upward normal vector the plane S, 
where k is the curvature of the plane locus Γ.
276
Let s' represent the arc length of the contact locus Γ' on the plane S'. The moving-frame 277 equations of the frame (M-1 2 3    e e e ) is where σ is the rolling-sliding rate and λ the ratio of rolling rate ds' to sliding-rolling rate ds.
286
Substituting the curvatures of the two loci in Eqs (21) and (22) transformation by multiplying a rotation matrix:
294
It can be seen that the angular velocity is 0 in the direction of 1  e and thus it does not 295 violate the constraint of the disc's being upright.
296
The coordinates of the centre point P in the frame (M-e 1 e 2 e 3 ) is (0, 0, 1). The velocity of 297 the point P can be obtained as
299
It is clear that the velocity of the circle center P is only affected by the sliding-rolling rate and 300 the direction of it is parallel to the tangent vector of the locus Γ. 
315
The angular velocity of the disc and the velocity of the centre point P can be obtained 
334
Attach the moving frames frame (M-e 1 e 2 e 3 ) and (M-1 2 3    e e e ) to the contact loci Γ and Γ' 335 respectively, where e 1 is the tangent vector of Γ, e 3 is the outward normal vector of the 336 surface S, 1  e is the tangent vector of the locus Γʹ, and 3  e is the normal of the sphere, pointing 337 to the sphere center.
338
The geodesic curvature, normal curvature, and geodesic torsion of the locus Γ can be 
